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Kirschner , ( )E,
$T$ , 2( IL-2 )I ,
.
$\frac{dE}{dt}$ $=$ $cT- \mu E+\frac{pEI}{\sigma+I}$ ,
$\frac{dT}{dt}$ $=$ $r(1- \frac{T}{K})T-\frac{aET}{\delta+T}$ , (K)
$\frac{dI}{dt}$ $=$ $\frac{qET}{\eta+T}-\nu I$ .
(K) .
$(cT)$ , IL-2 $(pEI/(\sigma+I))$ ,
$(\mu E)$ . ,
$(aET/(\delta+T))$ . IL-2
$(qET/(\eta+T))$ ,
$(\nu I)$ . $c$ ” (antigenicity)” ,
.
(K) $E_{H}(O, 0,0)$ , . Kirschner
(K) $E_{D}(E^{*}, T^{*}, I^{*})$
. Figure 1 .
, $\mu=0.03,$ $p=$ 0.1245, $\sigma=2\cross 10^{7},$ $r=0.18,$ $a=1,$ $\delta=1\cross 10^{5}$ ,
$q=5,$ $\eta=1\cross 10^{3}$ .
(K) . ,
(K) , Routh-Hurwitz
Liu ([2]) , ,
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Figure 1: (K) .
.
.
$E_{H}$ , , $E_{D}$
.
2 (S)
(K) \not\in . .
$\frac{dE}{dt}$ $=$ $cT-\mu E+pEI$ ,
$\frac{dT}{dt}$ $=$ $rT-aET$, (S)
$\frac{d1}{dt}$ $=$ $qET-\nu I$ .
$E_{D}$





$a_{1}= \nu+\frac{ac}{r}T^{*}$ , $a_{2}=(r+2 \nu)\frac{ac}{r}T^{*}-\mu\nu$ , $a_{3}=r\mu\nu$ (2)
. Routh-Hurwitz , $E_{D}$
, $a_{1}>0$ $a_{3}>0$ $a_{1}a_{2}-a_{3}>0$ . $a_{1}>0$ ,
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$a_{3}>0$ , $a_{1}a_{2}-a_{3}$ . $acT^{*}/r\equiv s$
$a_{1}a_{2}-a_{3}$ $s$ ,
$a_{1}a_{2}-a_{3}=(r+2\nu)s^{2}+\nu(r+2\nu-\mu)s-\mu\nu(r+\nu)$ (3)
(3) $f_{1}(s)$ . $fi(s)$ $s$
. $fi(s)$ $s>0$ $s_{0}$ , $s>s0$ $E_{D}$
. $s=s_{0}$ $c$ $c_{0}$ , $s$ $c$
, $c>c_{0}$ $E_{D}$ .
$c0$ , $a_{1}>0,$ $a_{3}>0,$ $a_{1}a_{2}-a_{3}=0$ , $a_{1}a_{2}-a_{3}$
, Liu , $E_{D}$ $c0$ Hopf .
Figure 2 (S) $c0$ .
, $\mu=0.03$ , $p=0.1245/\sigma$ , $r=0.18$ , $a=1/\delta$, $\nu=$







$K$ carrying capacity . $E_{D}$
$E^{*}= \frac{r}{a}(1-\frac{\tau*}{K})$ , $I^{*}= \frac{qr}{a\nu}(1-\frac{T^{*}}{K})T^{*}$ (4)
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Figure 3: $c=g_{2}(T^{*})$ . $(A)$ $a\mu\nu/Kpqr>8/27,$ $(B)$ $1/4<a\mu\nu/Kpqr<$




$c=- \frac{pqr^{2}}{a^{2}K^{2}\nu T^{*}}(T^{*}-K)(T^{*2}-KT^{*}+\frac{aK\mu\nu}{pqr})$ . (6)
$c$ , $c$ $T^{*}$ . $g_{2}(T^{*})$
. (6) $T^{*}$
$g_{2}’(T^{*})=- \frac{pqr^{2}}{a^{2}K^{2}\nu T^{*2}}\hslash(T^{*})$ . (7)
,
$h(T^{*})=2T^{*3}-2KT^{*2}+ \frac{aK^{2}\mu\nu}{pq_{r}}$ .
, $g_{2}(T^{*})$ Figure 3 . $E_{D}$ Jacobi
$\Lambda^{3}+a_{1}\Lambda^{2}+a_{2}\Lambda+a_{3}=0$
, $a_{1}\sim a_{3}$
$a_{1}$ $=$ $c \frac{T^{*}}{E^{*}}+\frac{r}{K}T^{*}+\nu=$ $\frac{pqr}{aK\nu}T^{*2}+(\frac{r}{K}-\frac{pqr}{a\nu})T^{*}+(\mu+\nu)$
$a_{2}$ $=$ $\frac{pqr}{aK\nu}(r+2\nu)T^{*2}+\{\frac{r\nu}{K}-\frac{pqr}{a\nu}(r+2\nu)\}T^{*}+\mu(r+\nu)$ ,
$a_{3}$ $=$
$\frac{pqr^{2}}{aK^{2}}h(T^{*})$ .
$a_{1}>0$ . $a_{3}$ $h.(T^{*})$ (7) .





Figure 4: (A) $(T^{*})$ $g_{2}(T^{*})$ . (B) carrying capacity
. (C)
Figure 5: . (A) $c=2\cross 10^{-3}$ , (B) $c=1\cross 10^{-3}$
. $c_{1}=1.022\cross 10^{-3}$ .
, $c$ $T^{*}$ . $a_{1}a_{2}-a_{3}$
$f_{2}(T^{*})$ . $c$ , $f_{2}(T^{*})$ $g_{2}(T^{*})$
$f^{1}igure4$ . , $\mu=0.03$ ,
$P=0.1$ 245/0, $r=0.18$ , $a=1/\delta$ , $\nu=10$ , $q=5/\eta$ , $K=1\cross 10^{9}$ .
, $g_{2}(T^{*})$ Figure 3(C) . Figure 4(B) , $0<$
$c<c_{0}(=7.232\cross 10^{-11})$ 3 .
$T^{*}$ $E_{D1},$ $E_{D2},$ $E_{D3}$ . $E_{D3}$
. $c$ , $c=c_{0}$
, $E_{D1}$ . Figure 4(C) , $f_{2}(T^{*})$
. $c=1.022\cross 10^{-3}(=c_{1})$ . $c_{1}$ $a_{1}>0$
$a_{3}>0$ , Liu $E_{D}$ $c=c_{1}$ Hopf






(L) , $a_{1}a_{2}-a_{3}$ $T^{*}$ 4 , (S)
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. , $a_{3}$ $g_{2}’(T^{*})$ $h(T^{*})$ ,
$g_{12}(T^{*})$ ,
. Figure $3(C)$ Figure 6 ,
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